Aim: The aim of this study was to determine the impact of age on the occurrence, severity, and timing of acute side effects related to radiotherapy. Materials and Methods: We analysed the data of 423 patients. Results: Of the patients, 295 (70%) were under the age of 65 (group 1) and 128 (30%) were over the age of 65 (group 2). The frequencies of radiotherapy-induced side effects were 89% in group 1 and 87% in group 2 (p=0.286). The mean times to occurrence were 2.5±0.1 weeks in group 1 and 2.2±0.1 weeks in group 2 (p=0.013). Treatment was ended in 2% of patients in group 1 and 6% of those in group 2 (p=0.062). Treatment interruption was identified in 18% of patients in group 1 and 23% in group 2 (p=0.142). Changes in performance status were greater in older patients (p=0.013). There were no significant differences according to the frequency or severity of side effects, except skin and genitourinary complications, between the groups. Conclusions: Early normal tissue reactions were not higher in older versus younger patients, though there was a tendency towards an earlier appearance. age and radiation toxicity, and elderly patients can exhibit reduced tolerance of a radical course of radiotherapy; moreover, some treatment complications are more common in older patients. Consequently, elderly patients are more likely to be undertreated by clinicians; e.g. in terms of use of a reduced dose, limited or inadequate margins, or palliative instead of curative treatment. The aim of this study was to determine the impact of age on the frequency, severity, and timing of acute side effects related to radiotherapy.
Introduction
Cancer patients have signs and symptoms that are disease-and treatment-related. In particular, many treatment-related signs and symptoms occur due to side effects of the treatment. These may lead to treatment interruption, ending of treatment, and/or have other negative impacts on treatment. The goal of radiation therapy is to provide maximum toxicity in the tumour, with the minimum toxicity to the surrounding normal tissues (Millan, 2009) . Curative treatment of a tumour is always associated with a certain risk of side effects, and the dose prescribed in most malignant disease is adjusted according to the tolerance of the surrounding normal tissues. Various tumour and patient factors can affect the radiation sensitivity of normal tissues.
According to the United States National Cancer Institute, approximately one-half of all cancer patients are treated with radiotherapy at some point (National Cancer Institute, 2005) . The incidence of most malignancies increases with age. The majority of elderly cancer patients receive radiotherapy. However, aging is also associated with physiological changes that can reduce the functional reserves of multiple organs, co-morbid illnesses, disability in terms of physical condition, and loss of independence; all of these may affect tolerance of radiation. In particular, co-morbidities are associated with reduced life expectancy and increased risk of treatment complications (Extermann, 2007) . It is believed that there is a relationship between
Results
During the study period, 423 patients were treated with curative radiotherapy (213 cases, 50%) or curative chemoradiotherapy (210 cases, 50%). characteristics and other case details of the 423 patients. The patients were 215 males (51%) and 208 females (49%), and their ages ranged from 16-86 (median, 58) years. Comorbidities were present in 167 (39%) of the patients. The ECOG performance scores were initially worse in the older patients.
Side effects, treatment interruption, weight loss, and performance status changes in both the two groups and all 423 patients are presented in Table 2 . Although there was no significant difference between the groups according to the frequency of side effects, group 2 had a shorter mean time to occurrence of side effects than did group 1 (p=0.013); i.e. treatment-related side effects occurred earlier in older patients than younger. Additionally, there was no significant difference between the groups with respect to the presence of treatment interruption, mean time to treatment interruption, or weight loss. In total, 13 patients ended their treatment: eight patients refused treatment, two had disease progression, and three had haematological side effects. There was no significant difference between groups 1 and 2 with respect to the ending of radiotherapy (p=0.062). The impact of treatment with respect to performance status recovery was better in the older patients than the younger patients (p=0.003), because younger patients' performance status did not reveal significant changes related to treatment (p=0.013). Table 3 shows the non-haematological side effects. The most common sites were the skin (166 patients, 39%), upper gastrointestinal system (158, 37%), pharynx and oesophagus (100, 24%), and lower gastrointestinal system (97, 23%) in all patients. Moreover, no severe cardiac event was recorded in any patient. The frequency of skin side effects was higher in group 1 (p=0.011), while that of genitourinary system side effects was higher in group 2 (p<0.001). There was no cardiac toxicity from the radiotherapy.
Haematological side effects are presented in Table  4 . The most common haematological side effects in all groups were decreased white blood cell counts and haemoglobin values. The mean time of occurrence of decreasing haematocrit values was earlier in older patients (p=0.006).
In all patients who underwent chemoradiotherapy, the mean times to the occurrence of side effects were earlier (p=0.001). There was no significant difference between radiotherapy and chemoradiotherapy according to the occurrence of side effects in groups 1 or 2 (p=0.433 and p=0.071, respectively). Furthermore, the frequency of side effects was higher at doses of ≥60 Gy than at doses <60 Gy in all patients (p=0.019). Although there was no significant difference between a dose of ≥60 Gy and a dose of <60 Gy with regard to the frequency of side effects in group 1 (p=0.154), group 2 showed a higher frequency of side effects at doses ≥60 Gy (p=0.019). There was no significant difference between ECOG performance scores (ECOG 0, and ECOG 1-2 and over) and the frequencies of side effects in groups 1 and 2 (p=0.459 and 0.560, respectively). There was a relationship between the frequency of side effects and co morbidities in group 1 (p=0.040), but not group 2 (p=0.400). Also, there was no relationship between the mean time to occurrence of side effects and co-morbidities in groups 1 or 2 (p=0.743 and p=0.526, respectively). Table 4 shows a comparison of groups 1 and 2 according to relationships among radiotherapy site, type of treatment (radiotherapy vs. chemoradiotherapy), and the occurrence of side effects and the mean time to the occurrence of side effects.
Discussion
The United States Census Bureau reported that the number of adults aged 65 years or more is expected to be 88.5 million in 2050, more than double the 40.2 million in 2010 (Vincent et al., 2010) . Because cancer incidence increases with age, cancer may become a more common problem in an aging population.
The aging process is associated with various physiological effects, such as vascular, gastrointestinal, bone, and pulmonary changes, which may affect the functional reserves of elderly patients. Vascular comorbidities may decrease the tolerance to radiation of the surrounding tissues in an elderly patient (Grenman et al., 2010; Kunkler, 2012) . In our study, the most common comorbid disease in both groups was hypertension. Furthermore, hypertension and coronary artery disease are encountered more commonly in older patients. The presence of comorbidities did not significantly affect the frequency of side effects or the mean occurrence time of side effects in our subjects. Interestingly, there was a relationship between comorbid disease and the occurrence of side effects in the younger patients.
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Physiological reserve usually decreases with age, so healing may be slower in an older adult population (Landuyt et al., 1991; Rudat et al., 1997; Engeland et al., 2011) . Animal and cell models have been used to investigate the relationship between radiation-induced side effects and age (Landuyt et al., 1991; Rudat et al., 1997; Van den Aardwey et al., 2003) . These studies showed that early normal tissue reactions in experimental animals did not cause an increase in radiosensitivity with aging. In our study, radiotherapy-induced acute side effects were recorded in 87% of the younger and 89% of the older patient group. Consistent with previous studies, our univariate analyses revealed that age did not affect the frequency of side effects; however, the majority of side effects occurred significantly earlier in older patients. Zachariah et al. (1997) investigated a total of 191 older patients undergoing radiotherapy for head and neck, breast, thoracic, or pelvic malignancies, and found that 94% completed treatment as planned, without severe acute complications (Zachariah et al., 1997) . Margalit et al. reported the results of 36 older patients with rectum cancer undergoing preoperative chemoradiotherapy, 92% of patients completed their treatment (Margalit et al., 2011) . Similarly, in our study, 94% of the older patient group completed their treatment as planned; there was no significant difference between the older and younger patient groups. Allal et al. reported in a retrospective study of patients with head and neck cancer, treated with accelerated fractionation, that treatment interruptions were more common in older patients (Allal et al., 2000) . In contrast, Huang et al. investigated 1487 patients receiving definitive head and neck irradiation and reported no significant difference in treatment interruption and completion. In addition, no differences were found between the elderly and younger patients undergoing concurrent chemoradiotherapy or hyperfractionated accelerated radiotherapy (n=760) in treatment interruption and completion (Huang et al., 2011) . In our results, age also showed no relationship with treatment interruption and completion, consistent with the report of Huang and colleagues. We furthermore found no significant difference in haematological or non-haematological side effects according to age. However, patients who underwent radiotherapy alone experienced a higher rate of treatment interruption and earlier occurrence of side effects.
Pignon et al. investigated the distribution of performance status changes in patients with lung and oesophageal cancer in EORTC trials (Pignon et al., 1998) . In this study, changes in performance status during radiotherapy were distributed with no difference according to age. In contrast, Pignon et al. evaluated 840 patients with changes in performance status who had pelvic malignancies (Pignon et al., 1997) . In that study, 399 patients showed deterioration, 63 showed improvements, and 419 showed no change. Upon analysis of the deterioration in performance status according to age, they found a significant trend towards more toxicity in the young. In contrast, there was no significant difference between the ages of patients who improved their performance status. In our study, performance status changes both deterioration and recovery were detected more frequently in older patients. These results suggest that older patients have a more vulnerable health status. Hill et al. reported that there were no significant differences in weight changes according to age in gastrointesinal cancer patients (Hill et al., 2011) . Also, there was no significant association between age and body weight alterations in our study.
Skin reactions appeared at about the second to third week of radiation therapy and reached a peak at the end or within the first week after the completion of treatment (Hymes et al., 2006; McQuestion, 2006) . Hopewell et al. reported that the severity of skin reactions was not associated with age in pigs exposed to a range of radiation doses (Hopewell et al., 1982) . Similar results have also been reported in mice (Masuda et al., 1986) . Consistent with these previous studies, in the study of Tiefenbacher et al., age was not predictive of early skin reactions in breast cancer patients (Tiefenbacher et al., 2012) . Skin toxicity was the most common side effect in our patients, followed by the upper gastrointestinal system, pharynx and oesophagus, and lower gastrointestinal system. Skin complications were also the most common side effect in breast irradiation. A significant tendency towards increased toxicity was seen in younger patients with respect to skin complications, although there was no significant difference in the mean time to occurrence of skin complication between the groups.
The results of 1307 patients with head and neck cancer showed no age-related difference in acute objective mucosal reactions or weight loss (Pignon et al., 1996) . Schofield et al. (2003) investigated toxicity in 98 patients with head and neck cancer aged 80 years or older undergoing definitive radiotherapy in a clinical oncology department. Toxicity rates were similar to those of younger patients. In this study, only three patients (3%) developed severe late sequelae (Schofield et al., 2003) . Merlano et al. (2012) investigated a total of 317 patients with head and cancer patients. They reported that treatment related side effects were presented similar younger and older patients. However, infections and pneumonias were significantly more represented in elderly patients (Merlano et al., 2012) . Our results are consistent with these previous studies.
Pignon and co-workers detected oesophagitis (797 cases, 30%) and dyspnoea (224 cases, 16%) as side effects in patients with chest irradiation (Pignon et al., 1998) . They reported no significant difference in the distribution of oesophagitis or dyspnoea according to age. Sgnoi et al. (2007) reported the results of receiving concurrent chemoradiotherapy 203 non-small cell lung carcinoma patients. They found that chemoradiotherapy was associated with higher rates of grade3-4 toxicities (esophagitis, hematologic toxicities and dehydration) in elderly patients (Sgroi et al., 2007) . In our study, we found no significant difference between the groups with respect to either the frequency of oesophagitis or dyspnoea, or mean time to occurrence of oesophagitis or dyspnoea.
Liu et al. found that gastrointestinal and genitourinary side effects developed earlier in older patients with prostate cancer, although the overall frequency and severity of symptoms were similar to those in younger patients (Liu et al., 1997) . Jani et al. (2005) patient age did not independently influence gastrointestinal or genitourinary toxicity after radiotherapy for nonmetastatic prostate cancer. They suggested that patient age should not be used as an independent factor in treatment decision-making or in patient counselling with regard to gastrointestinal or genitourinary toxicity outcomes after radiotherapy (Jani et al., 2005) . Jereczek-Fossa et al. (2010) noted that age ≤65 years correlated significantly with greater acute rectal toxicity (Jereczek-Fossa et al., 2010) . Vranova et al. analysed the results of 197 patients with prostate cancer and found an association with increasing age and increasing gastrointestinal or genitourinary acute side effects (Vranova et al., 2011) . In our study, a total of 54 patients with cancer in the pelvic region received radiotherapy. Although the frequency and mean time to the occurrence of acute lower gastrointestinal side effects were equal, the frequency of acute genitourinary side effects was higher in older patients. This difference was probably due to the more frequent administration of pelvic region irradiation to older than to younger patients. However, the mean time to occurrence of genitourinary side effects was similar to that in younger patients.
Some studies have suggested that chemoradiotherapy increases the frequency of haematological complications (Schild et al., 2003; Kodaira et al., 2005; Sgroi et al., 2007; Koussis et al., 2008) . The most common haematological complications in all patients were altered white blood cell counts and haemoglobin levels, but there was no significant difference between the groups. The mean time to occurrence of haematocrit complications was the only significant difference between older and younger patients; elderly patients suffered earlier from haematocrit complications than did younger patients.
In conclusions, the frequency of early normal tissue reactions was not higher in older than in younger patients, although there was a tendency towards earlier occurrence. Serious acute complications due to radiation therapy occurred in a small group of patients. However, elderly patients exhibited a vulnerable health status, with more frequent performance status alterations and earlier occurrence of side effects. Radiation therapy may be administered safely and effectively to older adults when the treatment is individualised, but precautions should be taken to minimise the occurrence of complications.
